To the authors' knowledge, outcomes and prognostic tools have yet to be clearly defined in patients with metastatic renal cell carcinoma (mRCC) who are treated with immuno-oncology (IO) checkpoint inhibitors (programmed death-ligand 1 [PD-L1] inhibitors). In the current study, the authors aimed to establish IO efficacy benchmarks in patients with mRCC and update patient outcomes in each International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) prognostic class. METHODS: A retrospective analysis was performed using the IMDC database with data from 38 centers. It included patients with mRCC who were treated with ≥1 line of IO. Overall response rates (ORRs), duration of treatment (DOT), and overall survival (OS) were calculated. Patients were stratified using IMDC prognostic factors. RESULTS: A total of 687 patients (90% with clear cell and 10% with non-clear cell) were included. The ORR was 27% in evaluable patients (461 patients). In patients treated with first-line nivolumab and ipilimumab (49 patients), the combination of PD-L1 inhibitor and vascular endothelial growth factor inhibitor (72 patients), and PD-L1 inhibitor (51 patients), the ORR was 31%, 39%, and 40%, respectively, and the median DOT was 8.3 months, 14.7 months, and 8.3 months, respectively. The ORR for second-line, third-line, and fourth-line nivolumab was 22%, 24%, and 26%, respectively. The median DOT was 5.7 months, 6.2 months, and 8.3 months, respectively, in the second-line, third-line, and fourth-line settings. When segregated into IMDC favorable-risk, intermediate-risk, and poor-risk groups, the median OS rates for the first-line, second-line, third-line, and fourth-line treatment settings were not reached (NR), NR, and NR, respectively (P = .163); NR, 26.7 months, and 7.4 months, respectively (P < 0. 0001); 36.1 months, 28.2 months, and 11.1 months, respectively (P = .016); and NR, NR, and 6.7 months, respectively (P = .047). CONCLUSIONS: The ORR was not found to deteriorate from the first-line to the fourth-line of IO therapy. In the second line through fourth line, the IMDC criteria appropriately stratified patients into favorable-risk, intermediate-risk, and poor-risk groups for OS. Cancer 2018;124:3677-3683.
INTRODUCTION
Each year, renal cell carcinoma (RCC) is diagnosed in 338,000 patients in the United States and leads to the death of 114,000 patients. 1 On average, approximately one-third of patients will present with a de novo diagnosis of metastatic RCC (mRCC). 2 Many patients treated with first-line vascular endothelial growth factor (VEGF) inhibitor targeted therapies (eg, sunitinib, pazopanib) will develop disease progression and require second-line therapy.
Given the immunogenic nature of RCC, programmed death-ligand 1 (PD-L1), programmed cell death protein 1 (PD-1), and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitors have significantly impacted the mRCC therapeutic landscape. 3 In the CheckMate 025 trial, nivolumab, a PD-1 inhibitor, was compared with everolimus in patients with clear cell mRCC who previously received anti-VEGF therapy. 4 Nivolumab was identified as improving overall survival (OS), in contrast to everolimus (hazard ratio [HR] , 0.73; P = .002). 4 Combination immuno-oncology (IO) therapy with nivolumab plus ipilimumab, a CTLA-4 inhibitor, was compared with sunitinib in the first-line
Cancer September 15, 2018 clear cell mRCC treatment setting in the CheckMate 214 trial. 5 In patients with intermediate-risk or poor-risk disease according to the International Metastatic Renal Cell Carcinoma Database Consortium (IMDC), the median OS in the combination IO arm was not reached (NR) versus 26.0 months in the sunitinib arm (HR, 0.63; P<.001). 5 In this same risk group, the overall response rate (ORR) was reported to be 41.6% in the combination IO arm, in contrast to 26.5% in the sunitinib arm (P < .0001). 5, 6 In patients with PD-L1-positive mRCC who are treated in the first-line setting, the IMmotion 150 phase 2 trial reported an HR of 0.64 (P = .095) for a progression-free survival benefit in favor of atezolizumab (a PD-L1 inhibitor) plus bevacizumab (a VEGF inhibitor) compared with sunitinib. 7 In the phase 3 IMmotion 151 trial, a progression-free survival benefit also was reported in favor of patients with PD-L1-positive mRCC who were treated with atezolizumab and bevacizumab, in contrast with patients receiving sunitinib (HR, 0.74; P = .02). 8 Patients with PD-L1-positive disease were reported to achieve an ORR of 43% with the combination of atezolizumab and bevacizumab versus 35% with sunitinib. 8 However, there was a discordance in the results between independent and central review. 8 To the best of our knowledge, outcomes and prognostic tools have yet to be clearly defined in patients with mRCC who are treated with IO checkpoint inhibitors. In this patient population, benchmarks for duration of treatment (DOT) and OS are required for clinical trial design and patient counseling. The objective of the current retrospective analysis was to establish IO efficacy benchmarks and update patient outcomes (OS) in each IMDC prognostic class for patients with mRCC who received IO treatment. 6 
MATERIALS AND METHODS

Design, Setting, and Participants
A retrospective data analysis was performed using the IMDC database, using data gathered regarding 9136 patients. A total of 38 international cancer centers in Canada, the United States, Denmark, Greece, South Korea, Australia, New Zealand, Japan, Singapore, Belgium, and Italy provided consecutive patient data collected from hospital and pharmacy records using uniform database software and templates. Data were collected between 2005 and April 1, 2018. Institutional review board approval was obtained from each participating center.
All patients with clear cell and non-clear cell mRCC who were treated with IO checkpoint inhibitors were included. Patients may have received IO therapy as first-line, second-line, third-line, or fourth-line treatment. Patients treated with single-agent nivolumab in the second-line, third-line, and fourth-line setting were included to reduce the heterogeneity of patients (see Table 1 ). Patients treated with nivolumab plus ipilimumab, single-agent PD-1, or PD-L1 inhibitors and combination VEGF inhibitor plus PD-L1 inhibitor therapy were included. To respect the confidentiality of clinical trials not yet reported, patient outcomes of nonapproved combinations were reported in aggregate by class of therapy.
Tumor histology was recorded using pathology reports generated by pathologists as part of routine patient diagnosis, before and independent of the current study.
Outcome Measurements
The IMDC collects demographic data, baseline patient characteristics, and outcome data. ORRs (investigator assessed), DOT, and OS were calculated. The ORR was examined in evaluable patients. DOT was defined as the time from the initiation of targeted therapy to treatment discontinuation for any reason. OS was calculated from the time of the initiation of IO therapy to the time of death from any cause or censored at the time of last follow-up.
An additional endpoint of the current study was the evaluation of the IMDC prognostic model's categorization of patients with mRCC who were treated in the second-line, third-line, and fourth-line settings with IO agents into IMDC risk groups using the following prognostic factors: hemoglobin < the lower limit of normal, corrected calcium >the upper limit of normal (ULN), neutrophil count > the ULN, platelet count >the ULN, Karnofsky performance status <80%, and time from diagnosis to treatment of <1 year. 6 The IMDC criteria are collected at the beginning of each line of therapy, except for time from diagnosis to treatment, which always is captured at the time of initiation of first-line therapy. Patients were stratified into IMDC prognostic risk groups as determined by the presence of 0 (favorable risk), 1 or 2 (intermediate risk), or ≥ 3 (poor risk) of these prognostic factors.
Statistical Analysis
The estimated median DOT and OS were calculated using the method of Kaplan and Meier. Patients stratified by IMDC criteria into the second-line, third-line, and fourth-line settings were compared for OS because Cancer September 15, 2018 there was sufficient power with which to perform such an analysis. Strata were compared by log-rank testing. Although sample sizes were limited in the first-line and fourth-line settings, the DOT, OS, and ORR were examined in the first line through fourth line because to the best of our knowledge benchmarks in outcomes have yet to be established in these IO treatment settings. A univariable analysis was performed in the first line to fourth line of therapy, examining clear cell versus non-clear cell histological subtypes in relation to OS. In the first-line treatment setting, a multivariable analysis was performed to examine the impact of combination therapy (PD-L1 inhibitor plus VEGF inhibitor and nivolumab plus ipilimumab) versus single-agent PD-L1 inhibition alone, adjusted for IMDC risk group.
The best overall response was documented as complete response (CR), partial response, stable disease, or progressive disease based on Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 guidelines when available. 9 The ORR included the percentage of patients with CR and partial response as their best response.
The case deletion method was used when missing data were encountered. SAS statistical software (version 9.4; SAS Institute Inc, Cary, North Carolina) was used to perform statistical analyses.
RESULTS
A total of 687 patients with mRCC who were treated with IO were included. Of the 633 patients who had histological subtyping available, 90% of patients (568 patients) had clear cell and 10% (65 patients) had nonclear cell mRCC. Baseline characteristics and risk factors are outlined and were similar to those of the general mRCC patient population encountered in clinical practice ( Table 1 ). The line of therapy and respective checkpoint inhibitors and combination therapies are detailed in Table 1 . First-line therapies and histological subtypes were heterogenous. In the first-line treatment setting, 28% (49 of 172 patients), 42% (72 of 172 patients), and 30% (51 of 172 patients) of patients, respectively, were treated with nivolumab plus ipilimumab, PD-L1 inhibitor plus VEGF inhibitor, and a single-agent PD-L1 inhibitor. In patients who were evaluable (461 patients), the ORR to IO therapy was 27% (124 patients ) ( Table 2) . Patients responded across each line of therapy. In the firstline setting, the ORR in patients treated with nivolumab and ipilimumab, PD-L1 inhibitor plus VEGF inhibitor, and a single-agent PD-L1 inhibitor was 31% (14 of 45 patients), 39% (20 of 51 patients), and 40% (12 of 30 patients), respectively. The measured ORR was 22% (41 of 187 patients) in the second-line, 24% (22 of 90 patients) in the third-line, and 26% (15 of 58 patients) in the fourth-line treatment settings. CR was demonstrated in 3% (12 of 461 patients) of the sample. The CR rate in the first-line treatment setting was 4%, in which CR was identified in 1 of 45 patients, 2 of 51 patients, and 2 of 30 patients, respectively, who were treated with nivolumab and ipilimumab, PD-L1 inhibitor plus VEGF inhibitor, and a single-agent PD-L1 inhibitor. The measured CR rates were 2% (4 of 187 patients) in the second-line, 1% (1 of 90 patients) in the third-line, and 3% (2 of 58 patients) in the fourth-line nivolumab treatment settings.
The DOT in the first-line treatment setting with nivolumab plus ipilimumab, PD-L1 inhibitor plus VEGF inhibitor, and a single-agent PD-L1 inhibitor was 8.3 months (95% confidence interval [95% CI], 3.7-5.1 months), 14.7 months (95% CI, 8.4-16.1 months), and 8.3 months (95% CI, 5.5-11.8 months), respectively ( Table 2 ). The DOT was 5.7 months (95% CI, 4.6-8.0 months) in the second-line, 6.2 months (95% CI, 3.9-8.5 months) in the third-line, and 8.3 months (95% CI, 5.5 to NR) in the fourth-line treatment settings.
With regard to OS, patients treated with second-line, third-line, and fourth-line IO therapy were appropriately categorized into favorable-risk, intermediate-risk, and poor-risk prognosis groups using the IMDC model (Table 2 ). In the second-line setting, the median OS was not reached (95% CI, NR-NR) in the favorable-risk group, 26.7 months (95% CI, 20.6-48.5 months) in the intermediate-risk group, and 7.4 months (95% CI, 4.8-16.7 months) in the poor-risk group (P < .0001) (Fig. 1 ). The IMDC model appropriately divided patients according to their respective risk groups in the third-line setting, with median OS times of 36.1 months (95% CI, 23.6 months-NR) in the favorable-risk group, 28.2 months (95% CI, 12.0 months-NR) in the intermediate-risk group, and 11.1 months (95% CI, 4.5-39.1 months) in the poor-risk group (P = .016) (Fig. 2) . In the fourth-line setting, patients were appropriately stratified into favorable-risk, intermediate-risk, and poorrisk groups using the IMDC model; the corresponding median OS times were not reached (95% CI, NR-NR), not reached (95% CI, 11.7 months-NR), and 6.7 months (95% CI, 1.1 months-NR), respectively (P = .047) (Fig.  3) . When combining all patients in the first-line treatment setting, the median OS was NR in all favorable-risk, intermediate-risk, and poor-risk groups using the IMDC model (P = .163) (Fig. 4) . The data currently are immature in the first-line setting and will be updated in the future.
In recognition of the heterogeneity of patients with clear cell and non-clear cell histological subtypes, Abbreviations: 95% CI, 95% confidence interval; CR, complete response; HR, hazard ratio; IO, immuno-oncology; OS, overall survival; PD, progressive disease; PD-L1, programmed death-ligand 1; PR, partial response; SD, stable disease; VEGF, vascular endothelial growth factor; NR, not reached.
Cancer September 15, 2018 a univariable analysis was performed in the first-line through fourth-line treatment settings, examining clear cell versus non-clear cell histological subtypes in relation to OS ( Table 2 ). The first-line results indicated a statistically significant HR of 7.64 (95% CI, 3.15-18.50; P < .0001) for death, favoring clear cell over non-clear cell histological subtypes. Although the second-line HR of 0.87 (95% CI, 0.38-2.01; P = .74), third-line HR of 1.85 (95% CI, 0.77-4.41; P = .17), and fourth-line HR of 1.15 (95% CI, 0.15-8.69; P = .89) for death were not statistically significant, it appears that there is an overall general trend favoring clear cell RCC compared with non-clear cell histological subtypes.
A multivariable analysis was performed to examine the impact of combination therapy (PD-L1 inhibitor plus VEGF inhibitor and nivolumab plus ipilimumab) versus single-agent PD-L1 inhibition alone, adjusted for IMDC risk group. The HR for death for nivolumab plus ipilimumab versus a single-agent PD-L1 inhibitor was 1.11 (95% CI, 0.32-3.93; P = .87). The HR for death for the PD-L1 inhibitor and VEGF inhibitor combination was 0.98 (95% CI, 0.24-3.93; P = .97) compared with a single-agent PD-L1 inhibitor. These results demonstrated no statistically significant difference between combination IO therapies and a single-agent PD-L1 with regard to risk of death.
DISCUSSION
The current large retrospective series of patients with mRCC who were treated with checkpoint inhibitors enhances our The results of the current study demonstrate that the ORR to IO does not deteriorate when checkpoint inhibitors are used from the first-line to fourth-line treatment settings. The measured second-line and third-line ORRs were similar to the reported CheckMate 025 ORR of 25% for singleagent nivolumab. 4 Although this series' ORR result of 31% for first-line nivolumab and ipilimumab was less than that of the CheckMate 214 trial (ORR of 42%), this latter ORR was reported specifically for IMDC intermediate-risk and poor-risk patients. 5 Given that the CheckMate 214 exploratory analysis identified an ORR of 29% for IMDC favorable-risk patients, it appears that the current study result is likely representative of an expected ORR for firstline nivolumab and ipilimumab combination therapy across IMDC risk groups. 5 The DOT of the patient sample in the current study was similar to the reported DOT of 5.5 months with nivolumab in the CheckMate 025 trial. 4 However, the DOTs for the third-line and fourth-line settings appear to be somewhat longer at 6.2 months and 8.3 months, respectively. This observed longer DOT may be influenced by clinicians' consideration of treatment beyond disease progression; however, pseudoprogression is reported to occur in only 6% to 12% of cases. [10] [11] [12] [13] Alternatively, it could be due to the lack of availability of further lines of therapy in some jurisdictions, less radiological imaging, or fewer rigorous treatment algorithm stopping rules in the general population compared with a clinical trial.
It appears that there generally is a trend favoring clear cell over non-clear cell histological subtypes for death in patients treated with IO. Although the first-line treatment results indicated a statistically significant HR for death, the HRs for death in the second-line to fourth-line treatment settings were not found to be statistically significant. Although patients with clear cell mRCC may potentially derive a greater survival benefit, in our opinion these results do not provide substantial support for the use of histological subtype (clear cell vs non-clear cell) as a predictive factor for IO outcomes in patients with mRCC.
A limitation of these data could be selection bias; however, consecutive patient series were used to reduce this. Although it was possible to include only those patients treated with single-agent nivolumab in the second-line, third-line, and fourth-line settings to reduce the heterogeneity of the patient sample, this was not possible in the first-line treatment setting. To capture a large enough sample, patients treated in the first-line setting may have received combination therapy, which contributed to the heterogeneity of this patient sample. However, there was no statistically significant difference noted in the current study results between combination IO therapies and a single-agent PD-L1 for death for the first-line setting. Furthermore, the follow-up time was relatively short for some lines of therapy. IMDC risk factors and outcomes data were limited as a result of some unavailable results and some patients' lack of evaluable disease. These unevaluable patients did not have radiographically measurable metastatic lesions. Although the majority of clinical trials require measurable disease to objectively measure responses, we included these unevaluable patients to ensure that our treatment outcome benchmarks described were applicable to patients regardless of measurable disease.
At the time of last follow-up, no data were available regarding patients treated beyond disease progression, but this currently is being investigated. Future efforts will be required to examine PD-L1 status and its association with outcomes in patients treated with IO. This is particularly relevant given the recent CheckMate 214 trial results, which demonstrated mixed evidence regarding the predictive use of PD-L1 expression ≥ 1% for treatment response. 5 
CONCLUSIONS
Checkpoint inhibitors have shown evidence of high activity in patients with mRCC. We believe the results of the current study have established efficacy benchmarks regarding ORR and DOT that can be used for clinical trial design and patient counseling. ORRs continue to be substantial, even when IO agents are used later in the third-line and fourth-line settings. The IMDC prognostic criteria can be applied in the IO treatment setting of mRCC because they appropriately stratify patients into favorable-risk, intermediate-risk, and poor-risk groups in the second-line, third-line, and fourth-line settings for OS.
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